Introduction: Depression in people living with HIV/AIDS is associated with poor health outcomes. Despite this, assessment of depressive symptoms is not a routine clinical practice in the care of people with HIV in Colombia. One reason could be the lack of validated depression screening scales for this population. Objective: To test the reliability and construct validity of the 20-and 10-item-Center for Epidemiological Studies Depression Scale in patients attending an HIV clinic in Cali, Colombia.
Depression has emerged as a significant mental health issue worldwide (1) (2) (3) , and people living with HIV/AIDS are not an exception. People living with HIV/AIDS are disproportionally affected by depression with a 5 to 10 times higher prevalence than in the general population (4). In North America, approximately half of the people living with HIV/AIDS have significant depressive symptoms and 20 to 25% of them meet diagnostic criteria for a depressive disorder (5, 6) while in low and middle-income countries depression among people living with HIV/AIDS ranges from 10% to 68% (7-10). Moreover, depression in people living with HIV/AIDS is a strong predictor of low levels of treatment adherence, poor virologic response, and increased risk of other chronic conditions (6, 11) . Depression is associated with increased HIV-specific morbidity and earlier mortality despite access to adequate antiretroviral therapy (12) (13) (14) , and with overall lower quality of life as measured by a decreased concentration span, poor sleep quality, decreased memory, lower motivation, and increased stress (11, (15) (16) (17) (18) (19) . On this basis, the assessment and treatment of depression are essential in the care of people living with HIV/AIDS. Despite its importance, screening for depression is not consistently performed in the routine clinical care of people living with HIV/ AIDS in Colombia. This may be due in part to the lack of validated scales to screen for depression in this population.
The Depression Scale of the Center for Epidemiologic Studies (CES-D) is a widely used screening scale for depression which has been demonstrated to hold construct and concurrent validity in Colombian adolescents and adults (20) (21) (22) . In the general population, the CES-D original cut-off point for depression was ≥16 points, although in Colombian populations a better trade-off of sensitivity and specificity was found to be ≥20 points (21). The reliability of the original English language scale had alpha coefficients ranging from 0.85 to 0.9 (20) (21) (22) (23) . In people living with HIV/AIDS, the CES-D preserved its validity in multiple settings (24-27). A cut-off point of ≥16 points has been found to have a sensitivity ranging from 72.7% to 79.8% and a specificity ranging from 78.5% to 83.0% in different studies (25) (26) (27) (28) . Shorter CES-D scales have also been validated with the 10-item version working as efficiently as the 20-item one (29) .
However, inconsistent results have been found for somatic and positive affect items of the CES-D in people living with HIV/AIDS (30) (31) (32) . This lack of consistency of the scale in several people living with HIV/AIDS populations emphasizes the need for its cross-cultural validation (33) . Thus, we tested the reliability and construct validity of the 20-item and the 10-item versions of the CES-D (proposed by Zhang, et al.) (29) .
Materials and methods

Study population
People living with HIV/AIDS followed in an HIV clinic in Cali (Corporación de Lucha contra el Sida) were invited to participate in a validation study of depression, stigma and adherence scales. The Corporación de Lucha contra el Sida clinic is a non-profit organization that provides comprehensive care to people living with HIV/AIDS in Cali and nearby cities in the southwestern part of Colombia.
Participants were invited if they were 18 years of age or older, were able to provide informed consent, and could be on or off antiretroviral therapy. Potential participants were approached at the clinic during regular appointments and a non-random sample of participants was recruited.
One hundred and nine patients were invited to participate of whom 105 accepted. All participants were asked to attend two visits, two to four weeks apart. Eighty-four of them completed the follow-up at 2 to 4 weeks. The sample size was calculated to obtain 60 participants in each of three groups: One group of participants naïve to antiretroviral therapy (ART), one with less than one year of ART, and the last one with participants with more than one year of ART. After 6 months of recruitment, we were unable to recruit participants to the first group and, thus, recruitment was halted before completing the sample of 180.
Data collection
An interviewer conducted face-to-face interviews with each participant. Interviews lasted from 30 minutes to an hour and took place at the Corporación de Lucha contra el Sida in a room that ensured privacy and confidentiality. The baseline questionnaire included data on age (years), sex at birth, sexual orientation (homosexual, bisexual, heterosexual), ethnicity, civil status (married/living with a partner or not), education level, work status, number of dependent children, level of satisfaction with the place of residence, history of incarceration, and lifestyle characteristics such as regular exercise, smoking, frequency of alcohol and drug use, sexual health (sexually active, condom use, etc.). In addition, clinical factors were extracted from the participants' charts: The viral load and T lymphocyte subpopulation levels including CD4/CD8 ratios.
Center for Epidemiological Studies Depression Scale (CES-D)
The CES-D is a 20-item scale (23). Each item is scored on a 4-point scale ranging from 0 (rarely/none of the time) to 3 (most/all of the time). Scores on the CES-D range from 0 to 60 with greater scores indicating a greater degree of depressive symptoms. The scale is composed of four dimensions as per the original development: negative affect (items 3, 6, 9, 14, 17, and 18); positive affect (items 4, 8, 10, 12, and 16); somatic (items 1, 2, 5, 7, 11, and 20), and interpersonal (items 13, 15, and 19) manifestations of depressive illness.
We used a Spanish translation of the CES-D scale that other authors had previously tested for validity and reliability in different populations (22, 34) . The cut-off points of 16 and 20 were used to define the presence of depression since previous studies have suggested that such thresholds were discerning for the presence of depression (21, 22, 24, 25, 27, 34, 35) . It should be pointed that the 10-item version proposed by Zhang, et al. (29) , has demonstrated to have a sensitivity of 91% and a specificity of 92%, with a cut-off of ≥10 in people living with HIV/AIDS. This version includes items 1, 5, 6, 7, 8, 10,11,12,14, and 20.
Ethical aspects
The participation in the study was voluntary. We obtained written informed consent from each participant. This study was reviewed and approved by the Research Ethics Boards of both the Corporación de Lucha contra el Sida and Queen's University.
Statistical analyses
Descriptive statistics were used to summarise the social and clinical characteristics of the sample. The internal consistency reliability was tested using Cronbach's coefficient. Test-retest reliability was assessed using the intraclass correlation coefficient. Construct validity was established using exploratory factorial analysis and confirmatory factor analysis. In interpreting the factor pattern, a factor loading ≥0.40 was considered good. In confirmatory factor analysis, model fit was defined as a comparative fit index and a Tucker-Lewis index of 0.95 while the root mean square error of approximation and the standardized root mean square residual were <0.08 (36) . We further performed an item response theory analysis to establish items with poor fit and to identify the discriminative capacity of the CES-D items (37) .
Finally, we examined the construct validity of the scale by comparing social and clinical characteristics of those with 1) CES-D scores <16 with those with CES-D scores ≥16; 2) CES-D scores <20 with those with CES-D scores ≥20, and 3) those with ≥10 points in the shorten version vs <10 points. Group comparisons were conducted using t-tests for continuous variables and contingency table chi-square tests for categorical data and the Mann-Whitney test. All analyses were done with Stata/IC version 12, and R, version 3.3.3.
Results
The baseline demographic characteristics of the 105 participants are shown in table 1. Most participants were men (73%) with an average age of 40 years (range: 21-71 years). Participants had low education levels, with 73% not having completed high school. In addition, 63% reported being single and 35% unemployed.
Exploratory factor analysis and reliability
The Cronbach's alpha coefficients for the CES-D-20 were 0.92 and 0.94 for baseline and second interview, respectively, and these values did not change when excluding an item. The intraclass correlation coefficient was 0.81 (95% CI: 0.72-0.88). Exploratory factorial analysis revealed four factors (table 2). The first factor explained 42.5% of the variance; the second, 9%; the third, 7%, and the fourth, 5%. With the exception of item 2 ("I did not feel like eating, my appetite was poor"), all items loaded distinctly with factor loadings in the range of 0.50-0.80. Five items did not load in the same dimension as in the original scale: items 7, 11, and 20, which are somatic dimensions, item 12, related to positive affect, and item 13, related to interpersonal dimension. The Cronbach's alpha was good for factor 1 but was <0.8 for the other three factors. The exploratory factor analysis for the CES-D-10 revealed that one factor explained 50% of the variance, and the second factor, 11%. The second factor only included item 8; the Cronbach's alpha was 0.89 for the first factor with the nine items. (table 4) . A score over the cut-off points (either ≥16 or ≥20 in the CES-D-20, or ≥10 in the CES-D-10) was more frequent among women, housewives, the unemployed, and among those with dissatisfaction regarding housing and those who did not exercise. When using the cut-off point of ≥16, we found an association with smoking which did not occur when using the other two cut-off points (table 4). A higher viral load and lower CD 4 levels were found in those with possible depression and this was consistent with all three CES-D versions (table 5) .
Discussion
The adaptation and use of the CES-D scale were felt to be an important tool in the clinical assessment of people living with HIV/AIDS, a population with special social and clinical characteristics that differ from those of the general adult population in Colombia. Ours is the first study in Colombian people living with HIV/AIDS examining the validity and reliability of both the 20 item and the 10 item versions of the CES-D scale.
The application of this scale in our sample was straightforward and subjects were eager to answer all questions, which resulted in no missing data.
The long scale demonstrated high internal reliability suggesting that the 20 items measured the same underlying construct: depressive symptoms. It also showed a high construct validity as it correlated with known established (37) . Our factor analysis failed to confirm the model fit in the factor solution of the 20 item version, and the item response theory analysis established that four items did not meet the criteria for a good fit. Thus, the usefulness of the total score of the CES-D in people living with HIV/AIDS should be approached with caution. In contrast, the CES-D-10 appeared to work better in our sample population as it showed high internal consistency and a valid factorial structure. The usefulness of this shorter CES-D scale has also been found by other studies (38) .
It has been documented that the CES-D scale has a factorial structure that behaves inconsistently in different populations including people living with HIV/AIDS (25,31,37). Some authors have found a different factorial structure when using the oblique rotation (24). We found that the oblique rotation was no better than that obtained with varimax (data not shown). In a clinical sample of 350 people living with HIV/AIDS, Gay, et al. (37) found that items 2, 4, 8, 11, and 16, which are mostly related to positive affect, were problematic and caused the scale to lose validity. In our study, we found that item 8 was also problematic. Some authors have even recommended to fully exclude positive affect items from the CES-D (31, 39) . Furthermore, we found four different items with poor fit: items 3, 6, 9, and 13, which mainly relate to depressive state and seem to load differently according to other reports (40) . Since the CES-D-10 scale did not include items 3, 9 and 13, this may explain why in our population it held its validity.
It has been suggested that the somatic symptoms among HIV positive participants are difficult to interpret as they may overlap with medication side effects or with the effects of HIV infection itself (30) . Other studies have found that those items are more likely to load in different factors (41) . In fact, four of the items that did not load in the same factor as the original scale in our sample were related to somatic symptoms (items 2, 7, 11, and 20). Interestingly, items 7, 11, and 20 loaded well on the CES-D-10 scale. Even shorter versions of the scale have been found to be valid in general populations (22). One version has seven items of which five are also included in the CES-D-10 that we studied. Thus, it is possible that somatic symptoms are not as problematic in populations of people living with HIV/AIDS in Colombia.
There was a high frequency of depressive symptoms in our sample and we found that social factors such as gender, housing satisfaction, unemployment, as well as smoking, were associated with more depressive Table 5 . Immunology and virology distributions by CES-D scores symptoms in our sample. In addition, 60% of the women had high levels of depressive symptoms, which is consistent with a disproportionate prevalence of depression found in females living with HIV/AIDS in other studies (14, 42, 43) which suggest that the combination of depression with poverty, interpersonal violence, and the burden of caring for themselves and others creates numerous social challenges for women living with HIV (14, 44, 45) .
In this regard, it is conceivable that the 'caregiver' role that many Colombian women play (household tasks and raising children) can result in a high burden of stressful experiences (46, 47) . The coexistence of depression and smoking is well established in people living with HIV (48, 49) which calls for interventions to address both conditions simultaneously. Studies have documented the association between disease severity as measured by CD 4 counts and depressive symptoms (14, 50) an aspect that was also evidenced in the small sample of people living with HIV/AIDS under study.
We have not validated the CES-D against gold standards for the diagnosis of depressive disorders. A previous study in Colombia found that the 20-point cut-off in the CES-D scale was better for depression in the general population; future studies in the country should consider confirming the factor structure and fit of the CES-D-20 scale with a more advanced item response theory analysis (51) and assess the accuracy of the full and shortened versions of this scale in people living with HIV/AIDS. Oversampling of women and transgender populations should be considered in those previous studies since one of them showed differences in item functions in those populations (37) . Our sample size limited the possibility of assessing differences in item responses in such populations.
The CES-D scale has been extensively used worldwide and will likely continue to be used in future assessments of depressive symptoms in people living with HIV/AIDS. The subjective nature of this scale for the assessment of depressive symptoms may have resulted in an underestimation of the prevalence of depression due to social desirability bias. However, we believe that overestimation is more likely to occur than lack of validity in people living with HIV/AIDS given the lack of fit of some of the items reported. However, even with such overestimation, the CES-D-10 scale can be a valid tool for the screening of depression and its use may effectively help select people living with HIV/AIDS who need a more detailed assessment and, eventually, treatment for depression. 
